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学位論文要旨
Backgroundofthisstudy
Plasmachemicalvapordepositiontechnique(P-CVD)hasbecomeavery
●
importantprocessinginsophisticatedelectronicdevices・Siliconnitride(SiN)
filmsdepositedbyacapacitivelycoupledradiofrequency(rf)glowdischarge
P-CVDhavebeenappliedtofOrmafinalpassivationlayerinVLSIdevices,
fabricationofthinfilmtransistorsandsoon.Intheseapplications,specimen
substratesmustbeheatedtoatemperatureintherangeof200-350℃.Inmany
fields,ithasbeenreportedthatsubstratetemperaturetoobtainhighquality
thinfilmsandplasmaionbombardmentsduringfilmdepositionswoulddegrade
devicecharacteristics・Lowtemperatureandlowenergydepositiontechnique
hasbeenlongedfor.Recently,alowenergyandlowtemperatureplasmaCVD
methodhasbeendevelopedbyMatsuoetal.Amicrowave(2.45GHz)electron
cyclotronresonance(ECR)plasmawasusedasaplasmasource.Itwasshown
thathighqualitySiNandsiliconoxide(SiO)filmsweredepositedatroom
temperatureonsinglecrystalSisubstrate・However,veryfewdataonsuchfilm
propertiesareavailable.
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Thesisconstruction
Thisthesisdescribesasystematicstudyonsilicon-basedinsulatorfilmssuch
assiliconnitride(SiN)andsiliconoxynitride(SiON)filmspreparedbyECR
plasmaCVDmethod・PropertiesofSiNandSiONfilmsdepositedbyrfP-CVD
methodarecomparedwiththoseofSiNandSiONfilmsdepositedbyECRP-
CVDmethodinchapter7.
Inchapterlthebackgroundofthisstudyisdescribedinmoredetailalong
theabove-mentionedcontent.
Inchapter2theroleofionsandradicalspeciesinanECRplasmainSiN
depositionisdiscussed.Ioncurrentandopticalemissionspectrameasurements
werecarriedouttodeterminetheculTentdensityofionsimpingingontothe
samplesurfaceandtoidentifyion/radicalspeciesintheplasmastreamnear
thesubstrateholder・ItisshownthatN;ionswoulddirectlycontributetothe
formationofSiNfilms.N2radicalsalsocontributetotheformationofSiNfilms
bution-assisteffectsareconsideredtobevelyimportantfOrthefonnationof
densefilms.
Inchapter3theinnuenceofdepositionconditionsonthepropertiesofSiN
filmsbyECRP-CVDmethodisdescribed.Microwavepower,SiH4nowrate
undertheconstantN2flowrateandgaspressureduringdepositionswereselected
asparameters.Electrical,physicalandopticalpropertiesofthedepositedfilms
wereclarifiedincorrelationwiththeseparameters.
Inchapter4hydrogenconcentrationandbondconfigurationsrelatingtothe
hydrogeninSiNfilmspreparedbyECRP-CVDmethodwhichareofgreat
●
importanceinthedeviceapplicationswerestudied.Secondaryionmass
spectrometry(SIMS)wasappliedtodetermineabsolutehydrogenconcentration
andconcentrationprofilesintheSiNfilms・ProblemsontheSIMSmeasurements
indeterminingtheabsolutehydrogenconcentrationwerecheckedandsolved.
Applyingthismethod,hydrogenconcentrationwasdeterminedincolTelation
withdepositionconditions.Infrared(IR)absorptiondataindicatethatthese
hydrogenatomsarepresentintheformofN-Hbondsunderthetypical
depositionconditions.
Inchapter5thermalstabilityoftheseSiNfilmswhichisveryimportant
inthedeviceapplicationswasstudiedbymeansofevolutionexperimentand
ESRmeasurements.Itisshownthatthetemperatureatwhichhydrogen
evolutionstartstotakeplaceisgenerallyhigherincaseoftheSiNfilmsdeposited
byECRP-CVDmethodthanincaseofthosedepositedbyrfP-CVDmethod.
SiNfilmsdepositedathighmicrowavepowerarethermallyverystable.From
theannealingbehaviorsofESRsignals,thestructuresoftheSiNfilmswere
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analyzed.
Inchapter6compositionalandstructuralpropertiesofSiONfilmsdeposited
byECRP-CVDmethodaredescribedincorrelationwithO2/(N2+O2)ratio.
ESRmeasurements,AESmeasurementsandlRabsorptionmeasurementswere
carriedout.Itwasclarifiedthatthefilmpropertiescanbewellcontroledby
theratioandSidanglingbondsrelatingtooxygenandnitrogenarepresent.
●
Inchapter7propertiesofSiNandSiONfilmsdepositedbyECRP-CVD
andrfP-CVDmethodsarecompared・ForSiNdepositions,themixtureofSiH4
andN2wasusedinbothmethods.N-richfilmswerefoundtobemoreeasily
obtainedinECRP-CVDmethodunderlowgaspressureandlowgas
consumption.HydrogenconcentrationinbothSiNfilmswasfoundtobenearly
thesame.
ForSiONdepositions,02/(N2+O2)ratiowasselectedasaparameterinECR
depositionandN20/(N2+N20)ratiowasselectedasaparameterinrfP-CVD.
Thedependencyofthefilmpropertiesontheseparameterswerefoundtobe
similar.
Inchapters8and9thesesiliconbasedinsulatorfilmsareappliedtothe
formationofpassivationlayersonsuperconductingthinfilmspreparedby
magnetronsputtering.Firstitisshownthatlowtemperaturefilmdeposition
byECRP-CVDmethodispreferabletothatbyrfP-CVDmethod,incasewhen
SiH4isusedasaparentgas.Thennewreactiveevaporationmethodsinwhich
SiorAlevaporationiscombinedwithECRplasmastreamorionbeamofO2
orN2areproposedasinsulatorfilmformationonsuperconductingfilms・It
isshownthesemethodsareveryhopefulfOrthepurpose.
FinallyalltheresultsaresummarizedinchapterlO.
論文審査の結果の要旨
平成元年7月25日，第1回論文審査会を開催し，また8月11日の口頭発表の結果をふ
まえ，同日論文審査会を行い，協議の結果,以下の通り判定した。
本論文は種々の電子デバイスにおいて重要なシリコン窒化膜とシリコンオキシナイト
ライド膜を新しい方法で作製し，従来の方法で作製したものと膜質・膜構造をミクロな
視点から詳細に調べ，その有効性を確かめたものである。さらにこの結果を，最近注目
されている酸化物高温超伝導体薄膜の保護膜として応用し，良好な結果を得ている。
従来の高周波プラズマによるガス分解での膜形成法では200～300℃にする必要があり，
またプラズマ中のイオンしようげきによる膜質劣化が問題となる。本論文ではマイクロ
波電子サイクロトロン共鳴法によるガス分解で膜を形成し,室温で良質の膜が形成され，
イオンしようげきの影響も少ないことを明らかにした。
本論文の内容は，膜質とう°ラズマ状態の関係を明らかにしたり,ESRや赤外吸収など
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のミクロな手段で膜の構造を調べたり，というような物質科学としての重要な知見を得
ていると同時に，電子デバイス応用に関しても極めて有用な結果を含んでおり，学術博
士としての内容にふさわしいものと考える。
以上の観点から本論文は博士の学位に値するものと判定する。
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